Genomic imprinting is an epigenetic process that regulates gene expression in the mammalian genome. Although there are specific imprinting differences between the mammalian species, cattle present unique opportunity for characterizing imprinted genes because of its sub-species classification. Five putative imprinted genes (TSSC4, CDKN1C, KCNQ1, PHLDA2 and NAP1L4) on bovine chromosome 29 (Bta 29) which had been characterized to have promoter CGI were quantitatively assayed for their relative expression across eight tissues (muscle, brain, liver, kidney, spinal cord, heart, lymph and skin) sampled in Angus cattle. The differential abundance of these genes in muscle and skin tissues of Angus, White Fulani and N'Dama cattle breeds was comparatively analyzed. These three breeds are representative of the Bos taurus and Bos indicus cattle sub-species while the two tissues are selected based on their strategic economic importance in cattle production. All the genes, except TSSC4, were relatively expressed across all the tissues. It was observed that Angus had the highest differential abundance in muscle tissues for TSSC4, PHLDA2 and NAP1L4 while N'Dama and White Fulani were the most abundant for KCNQ1 and NAP1L4 in skin tissues. The study identified marked differences in the expression profiles of the genes in both muscle and skin tissues of the three breeds that were characteristics of their genetics, environment and nutrition.
Introduction
The molecular characterization of imprinted genes is intricately linked to the quantifi- cation of DNA methylation (DNAm) patterns [1] and analysis of messenger RNA (mRNA) levels (i.e. gene expression). In addition to the unique expression patterns of imprinted genes, their relative abundance and mRNA levels have been reported to be of significance to genomic imprinting [2] . In a previous study conducted on the sequence characteristics of some putative imprinted genes on bovine chromosome 29, Bamidele et al. [3] had identified 5 genes for further experimental analysis. These genes were TSSC4, CDKN1C, KCNQ1, PHLDA and NAP1L4. In the current study, we carried out gene expression analysis in selected tissues of the Angus, White Fulani and N'Dama cattle breeds. Although the sequenced genome (i.e. reference sequence) of the Hereford cow is representative of both the Bos primigenius taurus and Bos primigenius indicus sub-species of cattle [4] , there are increasing indications of sub-species differences in the bovine genomic architecture that may influence the identification and expression of imprinted genes in cattle. The Bos primigenius taurus (i.e. Bos taurus) commonly referred to as "taurine" cattle are the humpless breeds (e.g. Angus, Hereford) primarily found in temperate regions which also include the similar tropically adapted types (e.g. N'Dama). While, the Bos primigenius indicus (i.e. Bos indicus) are the "Zebu" cattle breeds (e.g. White Fulani, Brahman) well adapted to withstand high temperature conditions and characterized by a fatty hump, drooping ears and a large pendulous dewlap [5] . Hence, this study aims to investigate the total RNA levels of these putative imprinted genes and also compare their differential abundance between and within the two cattle sub-species. This will further facilitate the characterization of the identified putative imprinted genes in cattle.
Materials and Method

Animal
Eight different tissue samples (muscle, brain, liver, kidney, lymph node, spinal cord, heart and skin) of two adult Angus cattle were sampled while only the muscle and skin tissues of both the White Fulani and N'Dama (two biological replicates each) tropical cattle breeds were obtained. All the tissue samples were stored in the −80˚C freezer. All the sampled cattle breeds were bulls.
Total RNA Isolation
Total RNA was extracted from the tissues using the RNeasy kit (QIAGEN). The extracted RNA was treated with RNase-free DNase to remove any possible contaminating genomic DNA. Samples with optical density values between 1.7 -1.8 (260/280) and 1.9 -2.0 (260/230) as well as a minimum concentration of 100ng/µl were selected as templates for gene expression analysis.
Quantitative Real-Time PCR Analysis
The qRT-PCR approach used by Zaitoun and Khatib [6] was adapted. A two-step realtime qPCR protocol was performed using the iScript TM reverse transcription supermix to first reverse transcribe the extracted total RNA into cDNA. The resulting cDNA was dehydrogenase (GADPH)) were tested to be used as reference genes for the normalization, however, GADPH was selected because its expression was more stable. The comparative CT method for relative quantification was performed for the real time qPCR analysis with liver as the calibrator [9] . The reactions were performed on the ViiA TM 7
Real-Time PCR System (APPLIED BIOSYSTEMS) and the generated CT values were analyzed using the Livak or 2 −ΔΔCT method [10] . The differential abundance of the gene expression levels between the breeds were statistically analyzed using both the independent t-test of SPSS11.0 software and the Wilcoxon test of SAS 9.1 software.
Results
The normalized relative expression levels of the five genes are presented in Table 2 . All the genes were expressed in all the eight tissues except for TSSC4, which was not expressed in skin. The abundance of each of the genes varied across all the tissues. TSSC4, PHLDA2 and NAP1L4 were most abundant in muscle while CDKN1C and KCNQ1
were most expressed in skin and brain respectively. For TSSC4 and KCNQ1 all tissues were down-regulated except muscle (282.1) and brain (34,492.6) respectively. The relative expression of CDKN1C was only upregulated in lymph (1.2) and skin tissues (2.2).
For PHLDA2, the transcript was upregulated in all the tissues except in heart (0.1) 
Discussion
The relative quantitation of the transcription levels of each of the five genes earlier predicted to have promoter CGIs was investigated according to the histological and physiological tissues systems. According to the GeneCards database [11] these tissue systems can be classified as: skeletal (muscle), nervous (brain, spinal cord), internal (liver and kidney), cardiac (heart), immune (lymph) and secretory/integumentary (skin) systems.
The microarray, RNASeq and serial analysis of gene expression (SAGE) using adult human samples had shown that TSSC4, CDKN1C, KCNQ1 and PHLDA2 are expressed in almost all tissues with the exception of NAP1L4 which is ubiquitous [12] . This is consistent with the qPCR results of this study. Our findings support the hypothesis that promoter CGIs are required for most cellular function as such are present in ubiquitous genes [13] . All the five genes predicted to have promoter CGIs were expressed in all the eight tissues except TSSC4. According to Yamashita et al. [14] , this suggests that promoter CGIs are correlated with the expression specificity of genes as such can be used as markers in the mammalian genome.
It was observed in this study that TSSC4 was unexpressed in the assayed skin tissues.
In a related study by Zaitoun and Khatib [6] , the expression of TSSC4 was reported in sixteen fetal and adult bovine tissues with the exception of the skin tissue. In addition, the neXtProt database [15] also showed that TSSC4 is not expressed in both the epidermis and dermis human skin layers. This is consistent with the result of this study wherein TSSC4 was not expressed in the skin tissues of the three cattle breeds. However, it may also mean that the putative imprinted TSSC4 gene had been switched off in the skin tissues of the respective developmental stages investigated by this study as well as other previous studies. According to Imumorin et al. [16] this may be due to the fact that epigenetic mechanisms regulating genomic imprinting could be influenced by the prevailing developmental stage of the animal.
When compared across all the tissues for each of the genes, the transcription levels were highest in muscle (TSSC4, PHLDA2 and NAP1L4), brain (KCNQ1) and skin (CDKN1C). This is consistent with the associated molecular functions of the respective genes [17] . The presence of the protein kinases (cAMP, PKC, CK2) involved in glycogen regulation, muscle development and cellular regulation earlier reported by Bamidele et al. [3] to be found in TSSC4, PHLDA2 and NAP1L4, could also explain the up-regulation of the respective gene transcripts in the muscle tissue system. This is in contrast to that observed in KCNQ1 and CDKN1C wherein no protein kinases were earlier found and whose transcripts were only upregulated in the nervous and secretory tissue systems respectively.
The differential abundance of the five genes was investigated and compared in the muscle and skin tissues of the three cattle breeds. These two tissues were selected based on the knowledge of their strategic importance in livestock production. According to Lawrie and Ledward [18] , meat quality is indicative of the type of nutrition, environment, genetics and other management practices. Moreover, cattle breeding has over the years focused on the selection for improved growth, meat and carcass traits. This implies that gene expression levels in muscle tissues may highlight the differences and similarities in animal husbandry across various production systems, climate and breeds.
Also, skin tissue was selected because of its characteristic morphological distinctiveness as well as its physiological role as the animal's first line of defense against external or environmental stimuli. It was observed that Angus had the highest differential abundance in muscle tissues for TSSC4, PHLDA2 and NAP1L4 amongst the three breeds.
This suggests that the years of intensive breeding programmes for the Angus beef cattle may have increased the selective pressure on these growth-related genes which may have accounted for its improved performance in terms of the high feed conversion ratio than that obtained in White Fulani or N'Dama [19] [20].
On the other hand, the N'Dama which is also a taurine cattle breed raised principally for beef production recorded the highest differential abundance in muscle for CDKN1C
and KCNQ1. In view of this, this result suggests that the five putative imprinted genes are significantly associated with meat production in the beef cattle (Angus and N'Dama). The observed difference in the gene expression profile of the muscle tissues between the two Bos taurus breeds (Angus and N'Dama) can be that due to breeding and nutrition. Also, the temperate environment in which Angus is being raised has proven to be of benefit to its genetic improvement unlike the N'Dama which is primarily raised under an extensive/nomadic system of the Sub-Saharan Africa. Our results show that White Fulani had the highest differential abundance in skin amongst the three breeds for KCNQ1 and NAP1L4 and that the abundance varied with respect to the breeds' skin colours. This suggests that these two genes may be positively associated with the pigmentation differences of White Fulani, N'Dama and Angus. According to Slominski et al. [21] , the mammalian skin pigmentation system (Melanogenesis) is under a complex regulatory control of multiple agents interacting via pathways activated by receptor-dependent and independent mechanisms. Although the MC1 receptor is the most positive regulator of melanogenesis, other regulators such as transcription factors (Brn2, TBX2, PAX3 and SOX) and protein kinases (cAMP, PKC, CK2)
have also been reported to be actively involved in the complex regulatory system
[21]- [23] . Two of these regulators (SOX and CK2) have been reportedly identified in NAP1L4 gene [3] which according to Busca and Balotti [22] , play a significant role in the regulation of melanogenesis. Several studies in human and mice have reported that the inhibition of the CK2 is specifically linked to variations in skin pigmentations [24] [25]. This may have contributed to the pigmentation differences observed in the three breeds. With respect to the KCNQ1 gene, its importance in melanogenesis may be seen in the primary function of its ion transport protein sub family which controls the exchange of ions during various cellular activities. According to Kondo and Hearing [26] , the significance of KCNQ1 is in its ion transport and transfer processes (ion transport protein sub family) which are critical elements in the distribution of melanin pigments.
In view of this, the differential abundance of the KCNQ1 gene suggests a variation in its intracellular ion transport or exchange during melanin and eumelanin synthesis for the respective skin pigmentations of White Fulani, Angus and N'Dama cattle breeds. The high differential abundance of NAP1L4 and KCNQ1 in the skin tissues of White Fulani and their respective significance in melanogenesis may also lend credence to the characteristic feature of the zebu cattle (Bos indicus) as a thermo-tolerant breed [27] .
Conclusion
This study showed that the five putative growth-related imprinted genes were relatively expressed in all the eight tissues of the adult cattle (muscle, brain, liver, kidney, heart, spinal cord, lymph and skin) except for TSSC4 gene which was unexpressed in the skin tissue. This study provides insight into the differential abundance of each of the five genes in muscle and skin tissues amongst the three cattle breeds. The gene expression patterns suggest the triad influence of genetics, epigenetics and nutrition on the breed characteristics of Angus, White Fulani and N'Dama which may be used to further characterize the breeds along their production types (beef or dairy), immune system (trypano-tolerance) and skin pigmentation (white, brown or black). The regulatory roles of the SOX transcription factor and CK2 protein kinase in NAP1L4 may be further inves-tigated as biomarkers in understanding thermo-tolerance.
